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Introduction: Knowledge Clusters for Development
International agencies, governments and experts have identified industrial cluster formation as a prime strategy to induce innovations, increase the GDP and to develop a nation (OECD, 1996) . The beneficial effects of the formation of industrial clusters have already been investigated by Alfred Marshall (Marshall, 1920) and Alfred Weber (Weber, 1909) . As Michael E. Porter has argued in his well-known book, the competitive advantage of nations is greatly enhanced by the formation of industrial clusters. "The phenomenon of industry clustering is so pervasive that it appears to be a central feature of advanced national economies" (Porter, 1990:149) . Clusters are defined as follows: "A cluster is a geographically proximate group of interconnected companies and associated institutions in a particular field, linked by commonalities and complementarities." (Porter, 2000:16) .
Whereas the reduction of transaction costs because of proximity has been formerly emphasised, the ease of distributing information and of sharing knowledge has been identified as essential for emerging knowledge-based economies (KBEs). "Clusters are concentrations of highly specialized skills and knowledge, institutions, rivals, related businesses, and sophisticated customers in a particular nation or region. Proximity in geographic, cultural, and institutional terms allows special access, special relationships, better information 1 Knowledge clusters, more specifically, "are agglomerations of organizations that are production-oriented. Their production is primarily directed to knowledge as output or input. Knowledge clusters have the organisational capability to drive innovations and create new industries. They are central places within an epistemic landscape, i.e. in a wider structure of knowledge production and dissemination. Examples for organisations in knowledge clusters are universities and colleges, research institutions, think tanks, government research agencies and knowledge-intensive firms" .
, powerful incentives, and other advantages in productivity and productivity growth that are difficult to tap from a distance. As a result, in a cluster, the whole is greater than the sum of the parts" (Porter 2000:32) .
If indeed, as Porter has argued, the formation of industrial clusters is the outcome of successful economic development and a signifier of the competitive advantage of a nation, then the formation of knowledge clusters should be a measure of the degree a nation has advanced towards a knowledgebased economy (KBE). The following paper will look at Malaysia and its path towards a KBE. We will first describe the development strategy of the Malaysian government which has used cluster formation as one of its prime targets. We shall then provide evidence of the current state of knowledge cluster formation in Peninsular Malaysia. This will then be checked against the current measures to form "corridors" of development and answer the question whether or not these planned "corridors" have already developed into knowledge clusters or, in other words, how far "natural" clustering conforms to regional cluster planning. As an explanation of corresponding and differences in cluster creation we shall look both at economic rationality and political power. By forming innovative knowledge clusters resources become available on a local level either through channelling of government funds and corporate investments into the "epistemic landscape" or through the benefits produced by effective cluster policies. After painting the overall picture of a Malaysian "epistemic landscape" we shall then focus on one of the long established knowledge cluster of Cyberjaya.
We shall then try to answer the following question. If the formation of a knowledge cluster (especially in the ICT and multimedia industry) has been the government policy, what has been the result? Has Malaysia developed an epistemic landscape of knowledge clusters? Has the main knowledge cluster really materialized in and around Cyberjaya in the Multimedia Super Corridor (MSC)? 2 Malaysia's Cluster Formation from the Development Planning Perspective
Industrial Estates and Free Trade Zones
In Malaysia the first systematic approach to development planning emerged in the form of the First Five Year (Federation of Malaya) Plan 1956 -1960 (Leete, 2007 . The Plan laid the foundation for an organised development planning process in the Federation of Malaya and later Malaysia. During this period the Federal Land Development Authority (FELDA) was founded. It is a land development agency which relocates the people from poor areas to new areas which were provided with arable land and basic infrastructures. The main focus of these land development scheme was low level rubber related industries. Organised commercial agriculture and land development became the basis of the cluster formation and can be considered as the first economic based cluster in Malaysia. The earlier Malaysia Development plan mainly focuses on rural development and providing basic amenities to the people. The period also saw the oil palm and timber becoming an important supplement to rubber and the importance of agricultural education and research in the development planning (Leete, 2007) .
In the1960s, Malaysia's policy makers realised the importance of having the industrial clusters to gain economic agglomeration benefits from the first industrial estate that was developed in Petaling Jaya, Selangor. The success of the industrial estate has encouraged the government to establish other industrial estates in Johore, Perak, Penang and Negeri Sembilan. The focus now shifted from low level agricultural base industries to light and heavy industries.The growth oriented economic development of Malaysia was awakened by a racial riot in 1969. The riot was considered as a serious structural problem confronting Malaysia due to its past history (Faaland et al., 2003) . This has contributed towards the creation of the New Economic Policy (NEP) in 1970. The NEP has two main objectives i.e. the first was to reduce and eventually eradicate poverty and to restructure the society to correct economic imbalance (Leete, 2007) . The NEP which became the central pillar of Malaysia's development planning appears to utilise the racial component into practical use by the ruling elites. In all aspects of development, race has become the main element. The political elites start to strengthen their position to maximise material and immaterial gains and profit (Evers & Gerke, 2009 
Corridors and Knowledge Clusters
. The GLCs also created a new group of Malays that benefited from the NEP. We will later discuss the function of the GLCs in executing the agenda of the political elites i.e. MSC Malaysia and Cyberjaya.
A long term development goal was formulated in 1991 by Prime Minister Mahathir during his premiership. The goal was to be an industrialised and developed country by the year 2020 in its 'own mould' (Mahathir, 1991: 21) . The year 2020, according to Mahathir was the logical, convenient and appropriate time frame; furthermore Malaysian needed to have a perfect vision In the 9MP, that covers the period of 2006-2010, apart from the requirement of "knowledge", strong emphasis was also specified on innovation. The establishment of high-tech and technology based clusters were suggested to shift from low end industries to high end technology. Regional development was given a new 'branding'. The implementation of economic corridor or cluster development was spearheaded by the major GLCs (Government Linked Companies). The economic regions are clustered based on the strength of the respective states as shown in Fig.1 Nineteen years after Mahathir's celebrated speech, on the 30th March 2010, Malaysian Prime Minister, Najib Razak unveiled the New Economic Model (NEM). The NEM was to ensure Malaysia would be able to achieve the target set by Mahathir. The Vision 2020 and NEM suggested the formation of cluster and corridor based economic activities. The focus was on innovation and productivity growth, in addition to technological advancement and entrepreneurial development. The planning of economic corridors further strengthens the power of the political elite by re-emphasising their dominance. Regional development planning is being used as a tool to manipulate and control the resources in the respective states. The GLCs managing the corridors represent the ruling elites in the form of economic organisations. 
MSC Malaysia
On 7 th January 2008, Multimedia Super Corridor Malaysia (MSC) celebrated its tenth anniversary and was renamed MSC Malaysia (MDeC, 2009 ). The MSC Malaysia was designed to intensify the knowledge content in various economic activities (K-Based Master Plan, 1993) . It was originally a 15x50km zone, stretching from the Kuala Lumpur City Centre (KLCC) to Kuala Lumpur International Airport (KLIA) (Ramasamy, B.et al., 2002) . The plan for a Multimedia Super Corridor (MSC Malaysia) was announced by Prime Minister Mahathir in 1995 and implemented in 1996. It includes Putrajaya, the new administrative capital and Cyberjaya the ICT hub, in addition to the Kuala Lumpur Conference Centre (KLCC) and the Kuala Lumpur International Airport (KLIA). The MSC Malaysia was the physical visualisation of Mahathir's vision towards transforming Malaysia into a knowledge-based economy. MSC Malaysia offers various incentives and privileges, to encourage the development of the ICT industries. The number of companies with the MSC Malaysia status has shown a steady increase from the year it was launched, as can be seen in Fig 
Cyber Cities and Cyber Centres
The potential of creating new sources of growth has encouraged the political establishment to designate areas in different parts of the country as Cybercities and Cybercentres. Cybercities and cybercentres are based on a development strategy that locates industrial companies of similar technology within the same geographical area (Malaysian Business, 2009a) These are locations designed and developed to integrate three key elements -man, nature and technology to promote the concept of industry clustering by locating similar technology companies within the same geographical areas (Neo,W.H et.al, 2008) . Appendix 2 and 3, show that most of the Cybercities and Cybercentres are located in the developed states of Peninsular Malaysia.
Cyberjaya, opened in 1999 was the first and leading cyber city development in MSC Malaysia. The city covers an area of 7000 acres and was designed as a cutting edge multimedia centre to attract world class multimedia and ICT companies (Neo, W.H et.al. 2008 ). The city is located adjacent to Putrajaya and 
Growth of MSC Malaysia Status Companies from 1997-2008
Number The aim of this section has been to recapture chronologically the path of development planning in Malaysia since independence. As the analysis has shown, the political elite ensures their political survival at different levels of the development process in Malaysia. Their formation has had a considerable impact on the development of the country. The political elite has manipulated economic disparities and used racial pressure to gain power and control over the country's resources through the New Economic Policy (NEP). They have used different themes of development strategies such as race, regional development, technology and ICT to strengthen their power position. The formation and demand of different groups within the elites has caused the planners of development in Malaysia trapped in a dilemma of pure economic benefit, or the quest to strengthen the power of their political masters. In the next section, we will discuss further on the formation of knowledge clusters in Peninsular Malaysia.
.
Knowledge Clusters in Malaysia
Spatial patterns of knowledge clusters
The establishment of knowledge producing institutions in Malaysia was fundamentally related to the colonial needs. The first recorded institution was the Meteorological Department, established in 1820. The department collects data on air pressure, temperatures and precipitation (Malaysia Meteorological Department, 2010) . Nine other R&D institutions were established between the years 1900 to 1957. The institutions were established to support the colonial economic interest related to rubber, mineral, forestry, veterinary and wildlife. The only R&D institutions directly related to the local needs was the Institute of Medical Research which was established in 1900. The Institute was to "carry out scientific and sustained research into the causes, treatment and prevention of such scourges as beri-beri and all forms of malaria fevers". The setting up of the institute was made following the resolution in Europe of the Conference of Berlin in 1885 to undertake such activities as "to promote the moral and material well-being of the native population and to explore the great and unknown field of tropical medicine" (Institute of Medical Research Malaysia, 2010).
After independence, R&D in Malaysia focused on the main economic activities i.e. agricultural sector. These correlate with the government policy to upgrade and modernise the agriculture sector. The Mahathir's era has brought a new dimension to R&D activities in Malaysia. The focus has shifted from agriculture to commercial crops and high technology R&Ds; ICT, automobile, aeronautic and space related research. New businesses and groups aligned to the ruling party emerged in the form of board members and advisory panels. The R&D activities from the colonial period are continued primarily either by government owned or government linked institutions. As can be seen in Fig.3 , the R&D activities from 1800s to 1950s are dominated by the government owned institutions. Private owned knowledge producing institutions start with the establishment of Goon Institute, Kuala Lumpur in 1936. The Institute is the longest serving private own institute offering post secondary education in Malaysia (Goon Institute, 2010) . The number of Private Higher Learning Institutes (PvHLIs) increased significantly beginning from the late 1970s due to the demands and limited capacity of the public institutions. Total numbers of R&D institutes pre independence were only 14 but the number rose to 101 in 2009. From 1970s to 1980s, the numbers increased more than double, since the government depended highly on R&D institutes to support the main economic activities. The 1990s saw a policy shift in line with the global higher education restructuring (Lee, 2004; Sivalingam, 2006) . The numbers of public university almost tripled from merely eight before 1990 to twenty in 2009. Apart from universities, the government also increased the number of polytechnics and community colleges to cater for the needs of the industries. Private universities saw the number grow from none in 1990s to 37 in 2007 8
The outcome of decades of regional development planning is the formation of knowledge clusters with different degrees of "knowledge density". By this we mean that certain areas show a disproportionately high number of knowledge producing institutions and knowledge workers.
and other form of private institutions grew from 156 in 1992 to 460 in 2009. The expansion of these institutions has created different groups of ownership i.e. individual proprietors, private companies, consortium of companies, public listed companies, government corporations, foundations, philanthropic organisations and community financing (Lee, 2004: 1) . The formation of these different groups is derived from the lucrative business of higher education in Malaysia. Looking at the past 200 years of Malayan history it becomes clear that the establishment of research institutes, colleges and universities was not only motivated by the quest for knowledge but has formed different groups and usually also strengthened the respective power elites.
The knowledge cluster map. (Fig. 4, refer The East Coast of Peninsular Malaysia is still less developed in terms of knowledge clusters. Knowledge clusters are only found at the main cities in the region i.e. Kota Bahru, Kuala Terengganu, Dungun and Kuantan. Based on our data set, Kuantan has the highest density of knowledge workers in comparison to the other three cities. Comparing the clusters to the West Coast, the knowledge clusters did not spread along the major highways but rather within the main urban areas, where most economic and social activities are concentrated. Also kernel density tends to be much lower than on the West coast.
The ICT clusters in Peninsular Malaysia also correlate with the knowledge clusters as shown in Fig.5 . Kelang Valley has the highest concentration of ICT based institutions, forming a distinct ICT cluster. Perlis, Northern Kedah, Penang and Johor Bahru are three main areas with significant numbers of ICT institutions. Most of the institutions of higher learning (HLIs) and R&D institutions, concentrated in these areas, are involved in ICT related activities. HLIs offering ICT courses can also be found scattered in major cities in Peninsular Malaysia, without forming knowledge clusters. This is in line with the government plan to encourage ICT based development throughout the country. Recognising that knowledge clusters have emerged, the most important question remains whether this clustering process has also resulted in higher knowledge production, as predicted by clustering theory. We try to measure knowledge output by using scientific publications, patents and trademarks as indicators of innovation and knowledge output. As can be seen in Fig. 7 , at the individual institutions level, UM, USM, UKM and UPM show the highest numbers of publication from the year 2000 to 2009. UM being the oldest university in Malaysia produced the highest number of publications, followed by USM which is also the only APEX 12 12 The Accelerated Programme for Excellence (Apex) university programme is proposed in the National Higher Education Strategic Plan. Under the programme, the Apex university was promised autonomy in finance, service scheme, management, student intake, study fees and determining the top leadership (Bernama, 2008) University in Malaysia. The five universities with the highest numbers of publications are also the universities which the Ministry of Higher Education (MOHE) has granted the research university status (MOHE, 2010) . UM, UKM and UPM are located in the Kelang Valley knowledge cluster, USM in Penang and UTM in Johor Bahru. The East Coast knowledge clusters are represented by the UMT and UMP which are located in Terengganu and Pahang respectively. One interesting finding from the publication data is that, even though Northern Kedah and Perlis has created a knowledge cluster based on the density of knowledge workers it fails to produce a commendable output. UUM, which was established in 1984, has one of the lowest numbers of publication in comparison to a new university in the same cluster i.e. UNIMAP which is located in Perlis. UMT which is located at the East Coast cluster is the only university in the cluster which has a comparable publication to the rest of the clusters in Peninsular Malaysia. UMS and UNIMAS, which are both new universities, established in the 1990s, produce more publications in comparison to UUM, which was established in 1984. This shows that location in a knowledge cluster does not always mean a higher output. The physical location alone does not determine the output of knowledge institutions; the human element in the form of social networks is the major contributing factor, as can be seen in the case of UMS and UNIMAS 
Case Study: Cyberjaya
Cyberjaya was conceptualised as a model intelligent city and designed to attract world class multimedia and ICT companies (MDeC, 2008) . It was supposed to attract the best and the biggest ICT companies in the world and create an atmosphere conducive to promote creativity and innovation, similar to the Silicon Valley (Mahathir, 1998) . The planning of the city follows a vision by former Prime Minister Mahathir and the architecture of Cyberjaya are envisaged as a symbol for the developed Malaysian society. The city itself is designed as an image of a Malay or at least Malaysian city in which Malay conceptions of space are translated into urban planning (Evers & Korff, 2000) . Almost all the main stakeholders in the development of Cyberjaya are members of the Malay elite, from the land owners, local authorities to the master developer 14 Cyberjaya was also supposed to create new breed of entrepreneurs with ICT or new technologies as the main business. This new group is known as 'technoprenuers' and benefits directly from the existence of Cyberjaya. The emergence of this group was due to special policies, and programmes of the government and in a way also in connection to physical buildings constructed in Cyberjaya. ICT as a new form of resource has encouraged the political elite to translate it into spatial existence which in return benefited . The most prominent building in Cyberjaya currently is the MDeC building with a sort of Neo-Malay architecture and roof. The city is an attempt to reconstruct the meaning of 'developed' based on the interpretation of the Malay political elite. This is done in the form of the planning guidelines (Jabatan Perancangan Bandar dan Desa, 2006), which clearly prescribe the architectural forms and the land use, and therefore regulate the meaning of space.
14 The landowner is Cyberview Sdn Bhd (subsidiary of the Ministry of Finance), Master Developer is Setia Haruman Sdn Bhd (the Chairman (Malay) has a strong link with the political elites) and the Local Authority is Majlis Perbandaran Sepang (as of 26 August 2010, out of the total 23 head of department or unit listed on the web page only one is from a non Malay ethnic background). from it. This is an example of how the political establishment manages to maintain relevancy and use new resources available within the society to strengthen their own power position.
After ten years of its development there are only less than 400 companies located in Cyberjaya and the opening of other cybercities and cybercentres will also have an impact on the future development. Most of the companies located in Cyberjaya currently focus on call centres and data processing activities. The activities do not create the environment in which creativity and creative thinking can develop (King, 2008) . Patent data registration with The Malaysian Intellectual Property Organisation (MyIPO) data base record less than 10 percent of the companies have ever registered a patent until December, 2008 (MyIPO, 2010 which shows the low level of creativity and innovativeness among the companies.
The limited 'soft' infrastructure has also impacted on the number of people staying in Cyberjaya. The total number of housing units in Cyberjaya currently is 2,800 (Jabatan Perancangan Bandar dan Desa, 2009) and with the assumption of 5 people living in a household, the total population residing in Cyberjaya is only 14,000. The total number of people working in Cyberjaya is estimated at 35,000 ( Fig.10 . MMU records more than 80 percent of the publication, followed by CMUCM. TM R&D is the only company with publication recorded in the ISI data base. None of the other institutions in Cyberjaya has recorded any publication apart from those mentioned. It has to be noted that MMU and TM R&D is a subsidiary of one of the biggest telecommunication company in Malaysia i.e Telekom Malaysia which is a GLCLUCT which is also located in Cyberjaya has no records of publication in the ISI data base, even though it claims to be 'The Global University'(Limkokwing, 2010). This section has provided data on the formation and development of Cyberjaya based on new resources i.e. education, ICT and city development. There remains, however, the possibility that Cyberjaya will evolve into a 'cybercolony' of transnational capital (King, 2008: 146) . 
Conclusion
Data collected from websites, directories, government publications and expert interviews have enabled us to construct the epistemic landscape of Peninsular Malaysia. Several knowledge clusters of a high density of knowledge producing institutions and their knowledge workers have been identified and described. A preliminary analysis of the knowledge output, measured in terms of scientific publications, patents and trademarks show that knowledge clusters have, indeed, been productive as predicted by cluster theory. The results are, however, not as clear cut once the output is disaggregated by institutions. Politically motivated development planning as well as social networks has probably influenced both the epistemic landscape as well as the results of knowledge clustering. This is evident, when the distribution of knowledge workers and the government planned development corridors are compared (see fig. 11 ). Several corridors do not have the high level manpower to bring about development, whereas other areas with a good knowledge base have not been designated as corridors.
The corridors planned by the policy makers mostly centred on the natural resources available in the respective states. Agriculture and natural resources such as petroleum and tourist site are the main catalyst for the corridors. The GLCs selected to spearhead the respective corridor is also a reflection of these i.e. Sime Darby, PETRONAS and Khazanah Berhad. The GLCs are primarily involved in plantation, oil and gas and property development. None of the corridors are planned for ICT or knowledge based industry apart from the electric and electronic cluster in the northern corridor. The corridors in ECER, do not correlate with the government aim to become a knowledge economy. The industries planned are mostly on tourism and agriculture. As observed by Fatimah (2009), progress in the Malaysian agriculture and plantation in general has not lead to invention and innovation but rather high dependence on foreign labour. The creation of development corridors which neglect the human capital factor will definitely produce the unintended results as can be seen in the development of Cyberjaya. Physical infrastructure alone will never produce the innovative and knowledge outcome.
The preliminary analysis of our data pertaining to Cyberjaya, the MSC Malaysia and the "corridors" has yielded some outcomes, but needs to be developed further to produce more robust results. The companies and institutions compiled in the database are geo-coded in order to visualize and analyse the data in GIS. Geo-coding describes the process of locating actual geographic coordinates based on street addresses (Nolan & Kumar 2006) . The free available program Google Earth has been used to assign the addresses to coordinates. On the basis of the compiled information, the creation of point shape files is possible. Loading these shape files in ESRI ArcMap allows illustrating the spatial distribution. For a simple illustration a dot-density map based on the Research and Higher Learning Institutions is created (Nolan & Kumar 2006) . The dots are created randomly within the state boundaries without considering higher levels of administrative boundaries. The binary classification shows the locations of institutes offering IT courses and those that do not. Based on the dot density map a preliminary estimate of patterns of geographic distribution and clustering is possible.
To create Kernel density maps from the point symbols the ArcGIS Spatial Analyst extension is applied. Vol. 11, 2009 , 344 p., 34.90 EUR, br. ISBN 978-3-8258-1624 
